CONDITIONS OF PHASE EQUILIBRIUM.                       157
the whole energy shall vanish to the first order. Now let ^ and p" be the partial potentials of any substance in two phases. Then a variation in which a mass HM. of the substance in question passes from the second to the first phase without altering the volume or entropy of either phase has been shown to be a physically conceiveable change (§ 150), and it is consistent with the condition of constancy of the whole entropy of the complex. By the definition of the partial potentials this change would increase the whole energy of the first phase by [irdM and decrease the energy of the second by ^!rdM. And since the two phases are assumed (as explained above) to have no mutual potential energy, the quantity
represents  the increase  of the whole  energy of the complex.    This increase vanishes, therefore
(285)                                        '   f*' = p".
We may, if preferred, give the proof in the following analytical form. If quantities referring to the different phases cpr, cp" are denoted by corresponding accents, and unaccented letters refer to the whole complex, we have, since mutual potential energy of the phases is neglected
U - U! + U" + • • • + Z7<«>
Since the conditions of equilibrium hold for variations which do not alter the total volume of the complex or the total mass of any substance K and in which no heat passes to or from the complex, we have generally
for all variations subject to
9Sl + $S" + - • - + 9SM - 0,
ay +sv" +... + *TCO =o,
9M1+9MU+- • - + SMW= 0,
9 ML + 8M% +•" + 9 MM = 0.fferent phases be not neglected these phases will have mutual potential energy and the whole energy of the complex will no longer be equal to the sum of the whole energies of the parts in the separate phases, as we shall assume.
